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Action-related information trumps system information: Influencing 1 




In order to substantially reduce food waste at the household level, it is essential to change 6 
consumer behavior. Informing consumers about the food waste issue is a promising means of 7 
bringing about behavior change: research confirms that information can increase food waste 8 
reduction behavior. However, it has yet to be determined what kind of information is most 9 
effective and exactly how that information affects onsumer food waste behavior. This study 10 
compares the effects of system vs. action-related information (i.e., knowing what impacts 11 
specific actions entail vs. knowing how specific actions can help to accomplish a goal) on 12 
behavioral intention towards food waste. That is, the study focuses on the effect of 13 
information on the role of food waste in the food system versus information of actions that 14 
can be taken to avoid it. Moreover, an adapted model of the Theory of Planned Behavior is 15 
used to assess how these information effects are mediated by consumers’ attitude, norms, and 16 
perceived behavioral control. Results from an online experiment with a between-subjects 17 
design (N = 2,248) show that action-related information significantly increases respondents’ 18 
intention to reduce food waste while system information has no significant effect. The change 19 
in behavioral intention in the action-related information group is ascribed to greater personal 20 
norm activation, more favorable attitudes towards food waste reduction, and higher perceived 21 
behavioral control of food waste behaviors. Even though system information does not 22 
significantly increase intention to reduce food waste, it results in more favorable attitudes 23 
towards food waste reduction. The findings provide insights for policy makers and NGOs on 24 
what type of information to consider when designing effective food waste reduction 25 
campaigns targeted at consumers, with action-related information supporting the opportunity 26 
for consumer behavior change. 27 
 28 
 29 
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The Food and Agricultural Organization of the United Nations estimates that a third of all 36 
food produced globally for human consumption is wasted (FAO, 2011). Food waste is defined 37 
as “…food appropriate for human consumption being discarded, whether or not after it is kept 38 
beyond its expiry date or left to spoil. Often this is because food has spoiled but it can be for 39 
other reasons such as oversupply due to markets, or individual consumer shopping/eating 40 
habits.” (FAO, 2013: 9).1 In industrialized countries, the lion’s share of fod waste is 41 
attributed to the consumption stage of the supply chain: Private households are responsible for 42 
more than half of total food waste in Europe (Stenmarck et al., 2016). To reduce food waste 43 
one should avoid the generation of surpluses that get thrown away or give surpluses to those 44 
who are in need. While information and communication echnologies based sharing economy 45 
platforms enable the rise of collaborative consumption, an attitude behavior gap might loom 46 
in the sharing economy (Hamari et al., 2016). Therefore, a primary way to reduce food waste 47 
remains avoiding the generation of food surpluses. 48 
Consumer food waste generation and prevention has gained increasing scientific attention in 49 
recent years and many determinants of consumer food waste behavior have been discussed 50 
(e.g., Diaz-Ruiz et al., 2018). However, when it comes to understanding how knowledge may 51 
influence consumer food waste behavior, research is still limited and findings lack consensus. 52 
While some studies confirm the importance of knowledge in food waste behavior (e.g., 53 
Graham-Rowe et al., 2014), others find no effect (e.g., Visschers et al., 2016). In addition to 54 
exploring how existing knowledge affects consumer food waste behavior, research has started 55 
to investigate the effect of newly acquired knowledg , for instance through education or 56 
provision of information (e.g., Liz Martins et al., 2016). Remarkably, most studies (e.g., 57 
Schmidt, 2016) focus on what Frick et al. (2004) term d action-related knowledge (i.e., 58 
knowledge about practices that help to reduce food waste at home). The effect of system 59 
knowledge (i.e., knowledge related to the impact of fo d waste) on the other hand is rarely 60 
studied. The lack of focus on system knowledge in this research area is surprising, especially 61 
in view of current food waste reduction measures such as food waste information campaigns 62 
that often stress the environmental and financial impacts of food waste in addition to 63 
providing practical tips and information. Therefore, exploring how consumers perceive this 64 
kind of information and whether it can promote changes in their behavior is highly relevant. 65 
                                                          
1 Even though there are several methods to recycle discarded food (e.g., Maroušek et al., 2013) and it is advised 
to turn waste into compost if one does end up wasting some food (Monier et al., 2010), it is important to note 




Furthermore, for the design of effective food waste reduction campaigns in the future, it is 66 
essential to understand which is more effective – food waste system knowledge vs. food 67 
waste action-related knowledge. 68 
 69 
1.1 The Theory of Planned Behavior in Food Waste Research 70 
The Theory of Planned Behavior (TPB) (Ajzen, 1991) postulates that behavior is directly 71 
predicted by behavioral intention. Behavioral intentio , in turn, is determined by attitude, 72 
subjective norm, and perceived behavioral control (PBC). An attitude towards a specific 73 
behavior reflects a person’s positive or negative evaluations of that behavior. The subjective 74 
norm entails the social pressure to (dis)engage in a certain behavior (i.e., the feeling that 75 
important people, such as friends and family, would approve or disapprove of a certain 76 
behavior). Finally, PBC describes the degree to which a person feels capable of performing a 77 
specific behavior. In addition to influencing behavioral intention, PBC may also directly 78 
influence the behavior itself. 79 
Applied in the context of food waste behavior, this means that intention to reduce food waste 80 
should be higher if a person has a positive attitude towards reducing food waste, thinks that 81 
his/her peers would approve of him/her reducing food waste, and feels that reducing food 82 
waste is within his/her capabilities. A higher intetion to reduce food waste is in turn 83 
associated with a greater likelihood of performing food waste reduction behavior. Several 84 
studies have supported these assumptions with a significant influence of all three constructs 85 
(attitude, subjective norm, PBC) on intention (Graham-Rowe et al., 2015), while other studies 86 
report no association between either subjective norm (Visschers et al., 2016), PBC (Stancu et 87 
al., 2016) or attitude (Russell et al., 2017) and consumers’ behavioral intention. 88 
Even though the TPB has been accepted as an adequate model to predict food waste behavior, 89 
it still does not capture some important food waste drivers such as self-identity or anticipated 90 
regret (Graham-Rowe et al., 2015). Therefore, previous research (e.g., Stancu et al., 2016) has 91 
attempted to extend and adapt the TPB to account for previously overlooked drivers of food 92 
waste behaviors. One construct frequently added by researchers to the TPB model is personal 93 
norm – a term interchangeably used in literature and replaced by terms such as moral attitudes 94 
(Stefan et al., 2013) or moral norm (Stancu et al., 2016). Personal norm refers to the “moral 95 
obligation felt by the individual to follow the line of behavior in question” (Schwartz, 1973: 96 




approval or disapproval by others, people comply with personal norms for internal reasons 98 
such as expectations about self-administered rewards an  punishment and anticipated 99 
emotions such as guilt and pride (Schwartz, 1973). Studies that included a personal norm 100 
construct in their models find that it significantly influences behavioral intention (e.g., van der 101 
Werf et al., 2019; Visschers et al., 2016) with some even reporting personal norms to have the 102 
greatest impact on intention (Lorenz et al., 2017a; Pakpour et al., 2014)2. Yet, in other studies, 103 
personal norms have no significant influence on behavioral intention (Stancu et al., 2016) or 104 
the construct is not included in the final model (Graham-Rowe et al., 2015)3. 105 
In addition to personal norms, researchers have included a number of other additional 106 
constructs in their TPB models such as taste perception (Lorenz et al., 2017a), perceived 107 
portion size (Lorenz et al., 2017b), the “concept of wanting to be a good provider” (Visschers 108 
et al., 2016: 69), self-identity and anticipated regret (Graham-Rowe et al., 2015), routines 109 
(Stancu et al., 2016), as well as habits and emotions (Russell et al., 2017). Those extended 110 
TPB models have been able to explain between 29% and 74% of the variance in food waste 111 
intention, and between 16% and 46% of the variance in food waste behavior. 112 
 113 
1.2 Information, Knowledge and Food Waste 114 
This paper focuses on consumers’ objective knowledge, which is defined as what an 115 
individual actually knows, meaning information that is stored in memory (Brucks, 1985). 116 
Frick et al. (2004) divided objective environmental knowledge into three dimensions, namely 117 
system knowledge (knowing what), action-related knowledge (knowing how) and 118 
effectiveness knowledge (knowing when and why). System knowledge includes ba ic 119 
scientific knowledge such as knowledge about the functioning of ecosystems and the 120 
processes within them (Schahn and Holzer, 1990) as well as knowledge about corresponding 121 
environmental problems and their consequences (Hines et al., 1987). Action-related and 122 
effectiveness knowledge are closely linked: Action-related knowledge comprises possible 123 
courses of action and solutions for environmental issues (Ernst, 1994) while effectiveness 124 
knowledge additionally addresses the effectiveness as ociated with a particular behavior (e.g., 125 
the ecological benefit of various behavioral alternatives). In order to achieve the greatest 126 
                                                          
2 Pakpour et al. (2014) do not use the term personal norm, but their construct “moral obligation” is comparable to 
the operationalization of personal norm in other studies. 
3 In the study of Graham-Rowe et al. (2015), moral norm was not included in the final model due to high 
correlations with self-identity and anticipated guilt. The authors assume that there might be an empirical overlap 




environmental benefit (effectiveness knowledge), it is essential to be aware of environmental 127 
problems and understand the basic characteristics of an environmental system (system 128 
knowledge) as well as to know how to take action (action-related knowledge) (Frick et al., 129 
2004; Kaiser and Fuhrer, 2003). 130 
Only a few studies have looked into consumers’ objectiv  knowledge about food waste, and 131 
those who did so found it to be rather limited. Forinstance, when thinking about food waste, 132 
consumers do not usually think of food parts such as vegetable peelings as contributing to 133 
waste (Exodus Market Research, 2007). Consequently, consumers tend to think that they are 134 
merely discarding inedible parts of their food and that most of their food waste is unavoidable 135 
(Richter, 2017). Generally, consumers are unaware of the fact that they are the main 136 
generators of food waste within the food system and the common perception is that 137 
agriculture and retailers are mainly responsible for fo d waste (Díaz-Ruiz et al., 2015). 138 
Moreover, Brook Lyndhurst et al. (2007) found that consumers predominantly consider food 139 
waste as an economic problem rather than a social or environmental one. This is confirmed by 140 
Watson and Meah (2012), whose participants barely saw the link between food waste and 141 
environmental issues such as greenhouse gas emissions in a qualitative study. The lack of 142 
knowledge with regard to environmental consequences of food waste was further highlighted 143 
by studies showing that consumers felt that food waste has no negative impact on the 144 
environment as it is biodegradable and rots down (e.g., Graham-Rowe et al., 2014). 145 
Furthermore, research shows that consumers are not co cerned about food waste when it is 146 
composted (Neff et al., 2015) and that they perceive d scarded packaging as being a bigger 147 
environmental problem than food waste (Brook Lyndhurst et al., 2007). 148 
While several studies confirm a lack of food waste knowledge, previous research has also 149 
shown that consumers who do have such knowledge might actually waste less. For instance, 150 
in an exploratory study using food waste diaries, Williams et al. (2012) found that households 151 
who had previously participated in an environmental education program waste less food 152 
compared to households who had not participated in such a program. In a qualitative study, 153 
Graham-Rowe et al. (2014) confirmed that consumers, who feel knowledgeable in relation to 154 
food management, report that their skills and knowledge help them to minimize food waste in 155 
their homes. Moreover, based on findings from a mixed-method study (interviews and 156 
participant observations) by Farr-Wharton et al. (2014), knowledge on how to creatively use 157 
food when cooking meals directly influences food waste behavior. In addition, supply 158 




where to locate food items) were identified as being directly related to food waste. Therefore, 160 
increasing consumers’ food waste knowledge by providing additional information seems a 161 
promising measure for reducing household food waste. Governments as well as non-162 
governmental organizations (NGOs) have already adopte  this approach by initiating 163 
information-based campaigns (e.g., “Love Food, Hate Waste” in the UK; “Zu gut für die 164 
Tonne” [Too good for the bin] in Germany). 165 
 166 
1.3 Objectives and Theoretical Model 167 
Several studies confirm that education/information campaigns can be effective in reducing 168 
household food waste (Reynolds et al., 2019). The present study extends this line of research 169 
by investigating how different types of knowledge (i. ., system vs. action-related knowledge) 170 
affect consumer food waste behavioral intention and which type is more effective in reducing 171 
it. Knowledge, however, is a behavior-distal factor: rather than influencing behavior directly, 172 
the effect of knowledge on behavior has been found to be mediated and conveyed by 173 
behavior-proximal factors such as attitude, personal norms, and intention (Kaiser and Fuhrer, 174 
2003). Therefore, this study intends to connect knowledge to the constructs of the TPB. An 175 
adaption of the TPB was used to assess consumers’ attitude, norms, and PBC, and to relate 176 
those constructs to behavioral intention towards food waste reduction. This study aims at 177 
answering the following three research questions: 178 
(1) What do consumers think and know about food waste? More precisely, this study aims at 179 
measuring consumers’ attitudes, norms, PBC, and intentions regarding food waste reduction 180 
as well as their general, system, and action-related food waste knowledge. 181 
(2) What is the effect of additional information onconsumers’ intention to reduce food waste, 182 
as well as their attitude, norms, and PBC? More precisely, this study aims at investigating if 183 
there is a general information effect and, if so, which kind of information (system vs. action-184 
related) is more effective in increasing intention t  reduce food waste. To this end, additional 185 
food waste information was developed using a novel gamification approach (i.e., a food waste 186 
quiz). By this means, information was provided using active learning methods as opposed to 187 
passive learning methods that require respondents to simply read the provided information. 188 
(3) Is an adaption of the TPB a suitable theoretical model to reflect consumer food waste 189 
behavior and do the TPB constructs (attitudes, norms, PBC) mediate the hypothesized 190 




Figure 1 around here 192 
Following the TPB, it was hypothesized that intentio  to reduce food waste is predicted by 193 
attitude towards reducing food waste, subjective norm and PBC. As suggested by previous 194 
research (e.g., Visschers et al., 2016), the model was extended to include the personal norm 195 
construct. Figure 1 shows the model that was specified for the present study. Knowledge per 196 
se was not included in the theoretical model, however multiple participant groups received 197 
different types of information in order to compare information effects. In line with previous 198 
findings (e.g., Williams et al., 2012), it was expected that more informed respondents have a 199 
higher intention to reduce food waste. 200 
While it was assumed that both system and action-related information result in a higher 201 
intention to reduce food waste, the process is likely to be different for each type of 202 
information. System information was presumed to make respondents aware of the severe 203 
consequences of their food waste (environmental, social, and financial). A change in their 204 
behavioral intention was therefore expected to trace back to an increased personal norm 205 
activation and more favorable attitudes towards food waste reduction. On the other hand, 206 
action-related information was presumed to strengthen consumers’ beliefs about their 207 
capability or control over reducing food waste at home. A change in their behavioral intention 208 
was therefore expected to be associated with an increase in respondents’ PBC. In addition, 209 
increased control belief strength may lead to more favorable attitudes towards food waste 210 
reduction. Therefore, action-related information may additionally increase behavioral 211 
intention via respondents’ attitude. 212 
This study contributes to the growing body of food waste literature and provides information 213 
on how to tackle the serious issue of consumer foodwaste. First, it extends previous research 214 
concerning consumers’ attitudes, norms, PBC and intention towards food waste reduction. 215 
Moreover, new insights into consumers’ (lack of) food waste knowledge are provided which 216 
are important when considering how to tackle consumer food waste. Second, the study 217 
contributes important findings on how increased knowledge can affect consumers’ 218 
willingness to reduce food waste at home. This study provides insights into what kind of 219 
information is more effective in changing consumers’ intention to reduce food waste and how 220 
this effect is mediated by attitude, norms, and PBC. These findings can inform public policy 221 
and help NGOs and policy-makers to design more effectiv  information campaigns targeting 222 
consumer food waste reduction. Third, this study adds to the current debate around the 223 




evidence that the TBP (and its extended version) ca offer a meaningful framework in 225 
studying and understanding drivers for consumer food waste behavior. 226 
 227 
2. Material and Methods 228 
2.1 Procedure and Sample 229 
Data was collected through an online survey in Belgium (Flanders), Germany, and the UK. 230 
The three countries were selected based on the amount of food waste they produce: the UK 231 
and Germany are the two European countries with the ighest total amount of food waste. 232 
Belgium, in turn, is the third most wasteful country in Europe (after the Netherlands and 233 
Cyprus) considering per capita food waste (Monier et al., 2010). Data collection took place in 234 
June and July 2018. A total of 2,250 respondents older than 18 years were recruited via a 235 
market research firm. Respondents were split equally across the three participating countries 236 
(750 respondents per country). The average response rate was 22%. Respondents who 237 
reported to have randomly clicked through the questionnaire (.09%) were excluded from the 238 
analysis. This resulted in a final dataset of 2,248 respondents (748 from Belgium, 750 from 239 
Germany, 750 from the UK). 240 
The sample was 51% female, 49% male. The mean age ws 49 years (SD = 16.75). Almost 241 
60% of the sample held a university degree (Bachelor, Master, PhD) or vocation/technical 242 
degree. Most respondents lived in a two-person household (41%), followed by single (28%), 243 
three-person (16%) and four-person (10%) households. Less than 5% of the sample lived in a 244 
household with five or more persons. Almost all of the respondents stated that they have at 245 
least some responsibility for food shopping (99%) and preparation/cooking (94%). Details 246 
about the socio-demographic characteristics of the s udy’s sample by country and treatment 247 
group are depicted in the Appendix, Table A1. 248 
The sample is representative for the respective countries regarding age, gender, monthly net 249 
income, employment status and household composition. There are slight deviations regarding 250 
education (respondents in this study’s sample report d higher education than the 251 







2.2 Questionnaire and Experimental Design 256 
The survey was categorized into socio-demographic questions, questions informed by the 257 
constructs of the TPB, and a food waste knowledge quiz4. The items for the TPB questions 258 
were developed based on previous studies. A 3-item scale asking about respondents’ intention 259 
to reduce food waste was adapted from Stancu et al.(2016). Respondents were asked whether 260 
they intend, whether their goal is, and whether they will try to reduce the amount of food they 261 
throw away. Respondents answered on a 7-point Likert scale where 1 indicated strongly 262 
disagree and 7 indicated strongly agree. To assess ubjective and personal norms, items were 263 
developed based on Thøgersen (2006): Two items measured ubjective and two items 264 
measured personal norms, the latter with a focus on the feeling of guilt. For all four norm 265 
variables, respondents had to indicate their level of agreement to the given statement on a 5-266 
point Likert scale where 1 indicated strongly disagree and 5 indicated strongly agree. Attitude 267 
was assessed by asking participants to respond to the statement “In my opinion, reducing food 268 
waste is…” on two pairs of unipolar scales for positivity (1 indicated not at all positive and 7 269 
indicated extremely positive) and importance (1 indicated not at all important and 7 indicated 270 
extremely important). The attitude items were develop d based on Stancu et al. (2016). The 271 
wordings and scales were slightly adapted. PBC was measured on a 3-item scale adapted from 272 
Russell et al. (2017). Respondents had to consider wh ther it is mostly up to them to reduce 273 
food waste in their home, how much control they have o er reducing food waste in their 274 
household and how difficult it would be for them to reduce food waste at home. All PBC 275 
items were measured on a 5-point Likert scale where 1 indicated strongly disagree and 5 276 
indicated strongly agree. An overview of all TPB questions asked and the respective sources 277 
are shown in the Appendix, Table A2. 278 
The knowledge quiz included a total of 13 questions. While some of the questions were based 279 
on previous food waste research findings, others wee informed by the World Wildlife Fund 280 
(2018) food waste quiz5. In the end, the quiz included three types of food waste questions: (1) 281 
general food waste questions (e.g., food waste statistics), (2) system knowledge questions 282 
(e.g., environmental impact of food waste), and (3) action-related knowledge questions (e.g., 283 
                                                          
4 Data used for this research was collected within a bro der consumer survey that measured a number of 
additional variables as well. However, those were not relevant for the purpose of this study and are therefore not 
described here. The full questionnaire is available upon request.  
5 The quiz can be found at https://www.worldwildlife.org/pages/take-the-food-waste-quiz. The idea of passing 
food waste knowledge through a quiz was used to assess the effect of different types of knowledge, which has 




correct storage of food products). An overview of the quiz questions is provided in the 284 
Appendix, Table A3. 285 
Respondents were randomly assigned to one of four gr ps including two control (C1 and 286 
C2) and two treatment groups (T1 and T2) with an equal distribution of age and gender 287 
between the groups. In order to determine effects of food waste knowledge on behavioral 288 
intention, T1, T2, and C1 respondents took the food waste quiz midway through the 289 
questionnaire, i.e., before responding to the questions on norms, attitude, PBC, and intention. 290 
T1 took the general and system knowledge quiz, receiving instant feedback including the 291 
correct answers and further information on each question topic. T2 took the general and 292 
action-related knowledge quiz, also receiving instat feedback including the correct answers 293 
and further information on each question topic. C1 took the general and system knowledge 294 
quiz but did not receive any feedback. To test for a mere quiz/gamification effect, C2 took the 295 
whole quiz (all questions) at the end of the questionnaire and also received no feedback. To 296 
ensure everyone had the same understanding of the term ‘food waste’, respondents were given 297 
a comprehensive definition following Parfitt et al. (2010) prior to receiving the TPB 298 
questions. For groups T1, T2, and C1, this definitio  was provided between the second and 299 
third quiz question6. C2 was simply provided with the definition before answering the TPB 300 
questions. A flow chart of the questionnaire design is presented in the Appendix, Figure A1. 301 
Examples of the food waste information and definitio  provided to respondents is depicted in 302 
the Appendix, Figures A2, A3 and A4. 303 
 304 
2.3 Data Analysis 305 
First, a descriptive analysis of the TPB constructs and consumers’ knowledge was conducted 306 
using IBM SPSS Statistics 25. As the variables attitude, personal norm, subjective norm, PBC 307 
and behavioral intention were measured on multi-item scales, internal reliability of these 308 
scales was analyzed via confirmatory factor analysis in SPSS Amos 25. Factor scores were 309 
calculated and used for further analyses. The knowledge level of respondents was analyzed by 310 
calculating the percentage of correct answers per qu stion and the distribution of responses 311 
across the knowledge categories. To test the effect o  provision of food waste information on 312 
                                                          
6 The definition was provided only after asking the first two questions since it might have influenced 
respondents’ answers to the initial and fairly general food waste questions. For the following questions, however, 




the TPB constructs, factor scores were compared between groups using t-tests and analyses of 313 
variance (ANOVA). 314 
Next, covariance-based structural equation modelling using SPSS Amos 25 was carried out in 315 
order to estimate the hypothesized model using maxium likelihood estimation. Before 316 
interpreting the relationships in the model, goodness-of-fit was assessed. Since there is no 317 
consensus in the literature on which goodness-of-fit ind cator best predicts model fit, several 318 
indicators (χ2, RMSEA, χ2/df, SRMR, NFI, TLI, and CFI) were looked at to gain  more 319 
comprehensive view of the model, in line with Scherm lleh-Engel et al. (2003). 320 
Finally, multiple group analyses between the different treatment and control groups were 321 
carried out within SPSS Amos 25. First, to compare values between groups, measurement 322 
invariance was assessed (Horn and McArdle, 1992). In line with Temme and Hildebrandt 323 
(2009), homogeneity of covariance matrices between th  groups, configural invariance, and 324 
metric invariance were tested. In order to compare multiple groups, the factor loadings across 325 
those groups were held constant and the path coeffiients obtained for each group were 326 
compared. To determine significant differences in the path coefficients between treatment 327 
groups, a pairwise comparison using a χ2 difference test was carried out. 328 
 329 
3. Results 330 
Results of the confirmatory factor analysis confirmed all constructs of the TPB, but led to the 331 
exclusion of the second item in the PBC scale (“How difficult would it be for you to reduce 332 
food waste at home?”). After the exclusion of the respective item, all scales had acceptable to 333 
high reliabilities (see Appendix, Table A4). 334 
 335 
3.1 Consumers’ Food Waste Perception and Knowledge 336 
Attitude, Norms, PBC and Intention towards Food Waste Reduction. The constructs of 337 
attitude, norms, PBC and intention were analyzed first and results are reported in Table 1. The 338 
findings show that respondents generally have a favorable attitude towards reducing food 339 
waste. Personal norm is high amongst respondents, sugge ting that most respondents have a 340 
bad conscience or feel guilty when throwing away food. Respondents’ scores for subjective 341 
norm (e.g. food waste expectations and beliefs of acqu intances) are relatively low in all 342 




degree of control over their food waste behavior. The intention to reduce food waste is 344 
relatively high amongst respondents. Results for attitude, norms, PBC and intention in the 345 
three different countries are reported in the Appendix, Table A5. 346 
Table 1 around here 347 
Food Waste Knowledge. Respondent’s general knowledge about food waste (e.g., food 348 
waste statistics) is rather poor with an average of ar und 34% correct answers (see Table 2). 349 
For instance, only a third of respondents know thathouseholds are the main contributor to 350 
food waste. Respondents’ system knowledge regarding food waste is even lower, with an 351 
average of around 30% correct answers. In particular, respondents are not aware of the 352 
magnitude of CO2 emissions that are related to household food waste or the number of people 353 
that could be fed with all the food that is lost or wasted. Action-related knowledge related to 354 
food waste is greater with an average of around 51%correct answers. The meaning of the 355 
‘best before’ date, for instance, is understood by most respondents (around 80% correct 356 
answers). However, respondents seem to be less familiar with the meaning of the ‘use by’ 357 
date (around 50% correct answers). Results for knowledge in the three different countries are 358 
reported in the Appendix, Table A6. 359 
Table 2 around here 360 
 361 
3.2 The Effect of Additional Information on Consumers’ Intention, Attitude, Norms, and PBC 362 
Prior Knowledge Differences Prior knowledge differences were examined between control 363 
and treatment groups (see Appendix, Table A7). There are no significant knowledge 364 
differences except between C2 and the other groups. These differences can be explained by 365 
the survey design. C2 answered the quiz at the very end of the survey and some previous 366 
questions may have informed them about certain aspect  such as the correct fridge 367 
temperature. 368 
General Information Effect. To test for a general information effect, control groups C1 and 369 
C2 were combined into a single control group while treatment groups T1 and T2 were 370 
combined into a single treatment group. Results from a t-test show that intention to reduce 371 
food waste is significantly higher in the combined treatment group (MT = 5.67, SDT = 1.26) as 372 
compared to the control group (MC = 5.50, SDC = 1.37), t = 3.110, p < .01, d = .13. Mean 373 




group. Therefore, respondents who received information have a significantly higher intention 375 
to reduce food waste. 376 
Impact vs. Action-related Information Effect. For the remaining analyses, treatment and 377 
control groups were analyzed individually. Table 3 shows the means and standard deviations 378 
of the TPB constructs for all groups (C1, C2, T1, and T2) and for the complete sample. F-Test 379 
statistics and corresponding p-values from the ANOVA are reported. Results show that the 380 
groups differ significantly regarding personal norm (p < .001, η² = .009), attitude (p < .001, η²381 
= .009), PBC (p < .05, η² = .004), and intention (p < .05, η² = .005). There are no significant 382 
differences in subjective norm between treatment and control groups. 383 
Table 3 around here 384 
No significant difference was found for personal norm between T1 and either of the control 385 
groups (see Table 4). However, T2 shows significantly higher scores for personal norm than 386 
C2, but not C1. Similarly, T1 and T2 respondents’ atitude scores were significantly higher 387 
than those of C2 respondents. There was no significa t difference in attitude between T1, T2 388 
and C1. For PBC, T2 respondents show significantly higher levels of PBC than C2. The 389 
differences between all other groups remain non-sigificant. Finally, results for intention to 390 
reduce food waste show that only T2 respondents demonstrate a significantly higher intention 391 
to reduce food waste compared to C2 respondents. There were no significant differences 392 
between any other groups. 393 
Table 4 around here 394 
Quiz Effect. To test for a possible quiz effect, the two control gr ups C1 and C2 were 395 
compared. Results show no significant difference in the intention to reduce food waste 396 
between the two control conditions. Therefore, a mere quiz effect on the change in intention 397 
can be rejected. However, C1 and C2 differ significantly in other constructs. C1 respondents 398 
report significantly higher scores for personal norm and attitude compared to C2 respondents. 399 
 400 
3.3 Food Waste, Knowledge and the Theory of Planned Behavior 401 
Goodness-of-Fit of the TPB Model. The χ2 value (χ2 = 84.835, df = 34) shows an 402 
acceptable model fit. The RMSEA (.026), SRMR (.0155), NFI (.995), TLI (.995), and CFI 403 




goodness-of-fit statistics for the TPB model is presented in the Appendix, Table A8, and 405 
compared to their respective requirements for good m el fit. 406 
Figure 2 around here 407 
Figure 2 shows the standardized estimates of the path model. All paths theoretically 408 
postulated by the TPB prove to be significant. Also the extension (personal norm) influences 409 
intention significantly in a positive way. The influence of personal norm (.27), attitude (.23), 410 
and subjective norm (.20) on intention clearly exceeds that of PBC (.06), with personal norm 411 
being the strongest influence on intention. However, the differences in the standardized 412 
estimates between personal norm, subjective norm, and attitude are rather small, suggesting 413 
that all three constructs influence intention to reduce food waste in a similarly strong way. All 414 
constructs are significantly positively correlated. The correlations are medium, with attitude 415 
and personal norm (.57) as well as attitude and PBC(.51) showing the highest correlations. 416 
The proportion of variance of intention that can be explained by the four constructs (personal 417 
norm, subjective norm, attitude, and PBC) is 35%. 418 
Mediation Effect. To test whether there are mediation effects of attitude, norms, and PBC, 419 
the model was also tested individually for the four different information treatment groups C1, 420 
C2, T1, and T2. Results from the corresponding validity checks are reported in the Appendix, 421 
Tables A9 and A10. Pairwise comparisons of the groups’ path coefficients using χ2 difference 422 
tests show that the differences in the path coeffici nts are not significant. The coefficients are 423 
reported in the Appendix, Table A11, and the resulting p-values are reported in the Appendix, 424 
Table A12. Consequently, the four groups do not differ significantly in how subjective norm, 425 
personal norm, attitude, and PBC influence intention o reduce food waste. 426 
 427 
4. Discussion 428 
Attitude, Norms, PBC and Intention towards Food Waste Reduction. Generally, 429 
respondents score relatively high on attitude, personal norm, PBC and intention to reduce 430 
food waste. Interestingly, compared to personal norm, scores for subjective norm are low, 431 
suggesting that people have a self-expectation that goes beyond what they think about what 432 
others do and expect of them. Respondents in the present study feel guilty when wasting food 433 
but they do not believe that their peers try to reduce food waste or want them to do so. This 434 
finding contradicts previous research that reports high scores for subjective norm (e.g., Russel 435 




et al., 2015; Visschers et al., 2016). A possible reason for the low subjective norm scores 437 
(especially in comparison with personal norm) in the present study could be that food waste 438 
mostly happens in the home and is consequently a priv te behavior that cannot be observed 439 
by others.  Respondents might feel guilty about food waste but since their peers do not see 440 
this behavior, they do not feel obliged to reduce their food waste. Another possible 441 
explanation could be that respondents in this sample feel they already waste very little food 442 
compared to their peers which may lead to a low score for subjective norm. However, they 443 
might still feel guilty when throwing out food (leading to a high score in personal norm) even 444 
though (they think) they rarely do so. 445 
Food Waste Knowledge. The findings show that respondents’ general food waste knowledge 446 
and their food waste system knowledge are rather poor. Concerning the food waste action-447 
related knowledge dimension such as the storage of c rtain food items, consumers’ 448 
knowledge is slightly better. The poor system knowledge finding is in line with previous 449 
studies confirming that consumers lack awareness, especially of environmental consequences 450 
of food waste (Brook Lyndhurst et al., 2007; Watson and Meah, 2012). It is perhaps 451 
surprising that only one third of respondents is aware that households are the major source of 452 
food waste. It seems that consumers underestimate their own responsibility in relation to the 453 
food waste problem. Rather, producers or retailers are blamed. The ignorance of 454 
responsibility may in fact lead to people behaving in less environmentally friendly ways 455 
(Kollmuss and Agyeman, 2002) and therefore serves as a possible explanation for the high 456 
level of household food waste in the respective countries (Bräutigam et al., 2014). 457 
Information Effect on Intention. This study’s results confirm an information effect on 458 
intention to reduce food waste. Taken together, the treatment groups have a significantly 459 
higher intention to reduce food waste than the control groups. This is in line with previous 460 
findings (e.g., Liz Martins et al., 2016). Looking at the effect of the two different information 461 
treatments individually, the results show that only the group receiving action-related 462 
information (T2) shows a significantly higher intenio  to reduce food waste compared to the 463 
group who did not participate in the quiz mid-survey (C2). However, there are no significant 464 
differences in intention to reduce food waste betwen the two treatment groups or between 465 
either treatment condition and the control group who received the quiz without feedback (C1). 466 
Even though C1 and C2 do not differ in their intentio  to reduce food waste, C1 reports 467 
significantly higher scores for personal norm and attitude. Therefore, while a mere quiz effect 468 




personal norm and attitude cannot be ruled out. The diff rence between C1 and C2 as well as 470 
the non-existing difference between C1 and the treatm nt groups T1 and T2 may point to a 471 
salience rather than an information effect. The information provided may not have increased 472 
knowledge, however the mere process of taking part in the quiz could have made already 473 
existing knowledge more salient and thus led to increased scores for attitude and norms, also 474 
for C1 respondents. 475 
Information Effect on Attitude, Norms, and PBC. The higher intention to reduce food 476 
waste for the action-related information group (T2) can be traced back to significantly higher 477 
scores in personal norm, attitude and PBC compared to C2. The higher scores in PBC and 478 
attitude were expected, as the practical tips provided by the action-related information were 479 
designed to make respondents feel more capable of reducing food waste in their home, and 480 
therefore evaluate it more favorably as well. Interestingly, the action-related information 481 
seems to have increased respondents’ scores for personal norm towards food waste reduction, 482 
i.e., their feeling of guilt when wasting food. One explanation could be that providing action-483 
related information demonstrated that reducing food waste is not complicated but achievable 484 
by most. If realizing a desired behavior is not that complicated, not engaging with that 485 
behavior may lead to increased feelings of guilt. Even though no significant intention change 486 
is observed in the system information group, they score significantly higher than C2 on 487 
attitude. This indicates that, in line with the authors’ expectations, a confrontation with the 488 
negative impacts of food waste increases respondents’ atti ude towards reducing it. Still, the 489 
more favorable attitude does not translate into higher intention to reduce food waste. 490 
Therefore, the findings partly contradict the authors’ previous assumptions. A potential 491 
explanation might be that the information provided was limited and possibly too intangible 492 
which may have made it not relatable enough to result in an increase in behavioral intention to 493 
reduce food waste. Water scarcity, for example, is currently not a big concern in the 494 
investigated countries and the amount of CO2 emissions emitted by food waste may be hard to 495 
grasp. Even though unexpected, the results confirm findings from Ajzen et al. (2011) who 496 
investigated the role of information accuracy in predicting energy saving and drinking 497 
behavior and intentions. 498 
The TPB Model. Results regarding the extended TPB model suggest that all paths 499 
theoretically postulated by the TPB as well as the newly included construct of personal norm 500 
significantly influence intention to reduce food waste. However, the influence of personal 501 




of PBC is in line with previous findings from Stancu et al. (2016) who did not find significant 503 
effects of PBC on intention at all. However, the prsent study’s finding contradicts other 504 
research that has found PBC to be one of the important predictors of intention (Graham-Rowe 505 
et al., 2015; Russell et al., 2017; Visschers et al., 2016). Given the significant influence of 506 
personal norm which has also been observed in previous studies (Lorenz et al., 2017a; 507 
Visschers et al., 2016), the incorporation of this construct into the model of the TPB when 508 
investigating food waste or related behaviors is supported. When testing the path model 509 
within each treatment/control group, results show that he differences in coefficients are not 510 
significant across groups for either construct. Therefore, the results do not confirm significant 511 
differences of how system and action-related information influence intention within the TPB 512 
model. 513 
 514 
4.1 Implications 515 
This study shows that the level of knowledge concering food waste and how to avoid it 516 
among consumers in Belgium, Germany, and the UK is rather low and therefore needs to be 517 
improved. Based on the results obtained in this study, it is recommended that policy makers 518 
and NGOs launch more consumer education campaigns usi g action-related information; 519 
educating consumers about how to store food products to keep them fresh the longest, at what 520 
temperature to set their fridge, the importance of planning meals and writing a shopping list, 521 
to name just a few. 522 
The importance of personal norms in predicting behavior l intention indicates that campaigns 523 
should further focus on communicating the moral obligation to reduce food waste. In that 524 
context, it is important to note that previous findings show that simply blaming the consumer 525 
and eliciting feelings of guilt may not be effective in reducing waste (Birau and Faure, 2018). 526 
Therefore, further research on how campaigns can increase consumers’ personal norm 527 
without unwanted side effects is required. For insta ce, effort could be directed towards 528 
alerting consumers about the magnitude of household fo  waste since the ascription of 529 
responsibility is considered a prerequisite for the emergence of negative emotions, and this 530 
may in turn strengthen personal norms. 531 
Moreover, the way the information was presented to respondents might have played an 532 
important role. Previous research on environmental behavior (e.g., Cialdini, 2003) suggests 533 




effectiveness. This line of research should be extended to the food waste field. Since the 535 
increase in intention caused by the action-related information was rather small, additional 536 
ways to influence consumers’ intention and eventually their behavior regarding food waste 537 
should be explored. In the end, the model accounted for only 35% of the variance in 538 
behavioral intention, suggesting that other constructs influence food waste intention and 539 
behavior. Therefore, future research should include additional constructs in their models 540 
explaining household food waste behavior. Next to investigating how to prevent food waste, it 541 
is also important to further investigate methods of fo d waste recovery, either in the 542 
household (e.g. motivate consumers to participate in food sharing initiatives) (e.g., Lazell, 543 
2016) or in industry (e.g. via the method of biochar farming) (Maroušek et al., 2019). 544 
 545 
4.2 Limitations 546 
There were methodological limitations to this study which could partially affect the 547 
generalizability of the results. First, the findings depend on self-reported consumer data which 548 
is prone to bias, particularly when it comes to emotionally charged topics, causing responses 549 
to be biased towards appropriate social norms. Food waste can be such an emotional topic 550 
since it is often associated with feelings of shame nd guilt (Quested et al., 2013). This is 551 
confirmed by respondents’ feedback to the questionnaire which included a number of 552 
comments and justifications of people claiming never to waste food. Furthermore, this study 553 
was not able to measure actual food waste behavior. Instead, behavioral intention was the 554 
final dependent variable in this study. Measuring real life food waste behavior is difficult. 555 
Although there are several methods such as food waste diaries and self-report questionnaires, 556 
those are expensive and/or usually biased (Jörissen et al., 2015). Even though low response 557 
rates are common in online surveys, it has to be addressed that the response rate of the present 558 
survey was at 22%. A possible reason might be the length of the questionnaire which took 559 
respondents on average about 28 minutes to complete. However, representativeness of the 560 
sample to the respective countries’ population was still ensured using quotas, thus reducing 561 
the risk of non-response bias. 562 
It should also be stated that the effectiveness of educating people – especially in the long-term 563 
– is debatable. Some researchers argue that education mpaigns alone may not be enough to 564 
change the underlying norms and habits that lead to food waste behavior (Gjerris and Gaiani, 565 
2013; Hebrok and Boks, 2017; Quested et al., 2013). Liz Martins et al. (2016), for instance, 566 




education measures designed for children reduced plate waste at first. However, this effect 568 
decreased after a period of three months. A campaign t r eted at teachers was more effective. 569 
Even though the present study confirms the effect of inf rmation, it has to be pointed out that 570 
effect sizes were rather small. Moreover, while this study focused on objective knowledge, 571 
previous research has shown that subjective knowledge might be even more important in 572 
environmentally sustainable consumption choices (Pechel et al., 2016). 573 
Moreover, this study only investigated consumers from Belgium, Germany and the UK. The 574 
sample was representative for the respective countries which means that the results can be 575 
generalized onto the overall population of those countries. Since there were little differences 576 
between the three countries, it can be assumed that the results of this study can also be 577 
generalized onto similar countries, i.e., other industrialized ones. On a global level, though, 578 
results may vary. Countries differ in the stage of the supply chain at which most food waste is 579 
created. In developing countries, the majority of food waste does not happen at the 580 
consumption stage but in earlier supply chain stages. As a consequence, rather than 581 
investigating whether the results of this study could be adapted to those countries, further 582 
research needs to address how to avoid food waste in earlier supply chain stages. Lastly, a 583 
sole focus on individual food waste prevention is not sufficient. In order to substantially 584 
decrease food waste, a holistic approach including consumers, policy makers, and 585 
stakeholders along the supply chain is indispensable (Schanes et al., 2018). 586 
 587 
5. Conclusion 588 
The findings of this study show that action-related information significantly increases 589 
consumers’ behavioral intention to reduce food waste while system information has no direct 590 
effect on intention although it results in more favorable attitudes towards food waste 591 
reduction. To the best of the authors’ knowledge, this is the first study to compare how those 592 
different types of information influence consumers’ intention towards reducing food waste. 593 
These findings are important for both practitioners and researchers and they are especially 594 
relevant in sight of the Sustainable Development Goal 12.3 to halve global per capita food 595 
waste as proposed by the United Nations. The study’s findings stress the importance of 596 
action-related information in changing consumer behavior and they represent an important 597 
foundation for the development of future campaigns a d educational material aimed at 598 




consumers (and especially those in Western countries) ar  a major contributor to the food 600 
waste problem, changing their behavior is an important step towards reducing global food 601 
waste and thus fighting climate change. 602 
Lastly, the results contribute to the ongoing scientific debate about factors influencing food 603 
waste intention and behavior. The central role of attitudes, norms and PBC has been 604 
confirmed and insights into causal mechanisms involved in the intention formation process 605 
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Figure 2: Standardized estimates for the complete sample 































Table 1: TPB Constructs – Means and Standard Deviations (SD) 
Construct Mean SD 
Personal NormA 3.94   .82 
Subjective NormA 2.42   .52 
Attitude B 5.98   .96 
PBCA 3.72   .65 
IntentionB 5.59 1.32 
AConstructs measured on a 5-point Likert scale 
BConstructs measured on a 7-point Likert scale 
 
 
Table 2: Food Waste Knowledge – Percentage of average correct responses per knowledge 
dimension 
Questions  Percentage of respondents 
that answered correctly 
General Knowledge (N = 2,248) 33.64 
System Knowledge (N = 1,685) 29.64 







Table 3: Means and standard deviations for treatment and control groups, F-test statistic and 
corresponding P-value. 
 Mean Standard 
Deviation 
F-Test P-Value N 
Personal 
Norm 
Control 1 3.99 .82   561 
Control 2 3.81 .88   561 
System Info (T1) 3.94 .77   563 
Action Info (T2) 4.01 .78   563 
Total 3.94 .82 5.962a .000 2248 
Subjective 
Norm 
Control 1 2.44 .54   561 
Control 2 2.40 .53   561 
System Info (T1) 2.40 .53   563 
Action Info (T2) 2.43 .49   563 
Total 2.42 .52 .777 .507 2248 
Attitude Control 1 6.01 .92   561 
Control 2 5.83 1.05   561 
System Info (T1) 5.99 .99   563 
Action Info (T2) 6.08 .87   563 





Control 1 3.70 .67   561 
Control 2 3.69 .65   561 
System Info (T1) 3.72 .66   563 
Action Info (T2) 3.79 .60   563 
Total 3.72 .65 3.085 .026 2248 
Intention Control 1 5.52 1.36   561 
Control 2 5.48 1.38   561 
System Info (T1) 5.63 1.24   563 
Action Info (T2) 5.71 1.28   563 
 Total 5.59 1.32 3.617a .013 2248 







Table 4: Mean score separation (MS) with corresponding confidence intervals (CI) and p-values (P) for all treatment and control groups. 
  
Personal Norma Attitude a 
Perceived Behavioral 
Controlb Intention a 
  MS 95% CI P MS 95% CI P MS 95% CI P MS 95% CI P 
System 
Info (T1) 
Action Info -.069 -.189; .050 .442 -.093 -.236; .050 .335 -.077 -.176; .022 .188 -.081 -.275; .112 .700 
Control 1 -.049 -.172; .074 .732 -.022 -.169; .124 .980 .014 -.086; .113 .985 .113 -.086; .313 .460 
Control 2 .126 -.001; .253 .053 .157 .000; .314 .049 .032 -.067; .131 .843 .150 -.051; .351 .218 
             
Action 
Info (T2) 
Control 1 .020 -.103; .143 .975 .071 -.067; .209 .547 .091 -.009; .190 .087 .195 -.008; .398 .065 
Control 2 .195 .068; .323 .001 .250 .101; .399 .000 .109 .010; .208 
 
.025 .232 .027; .436 .019 
 
Control 1 Control 2 .175 .044; .306 .003 .179 .027; .331 .013 .018 -.081; .118 .965 .037 -.173; .247 .970 

















Sociodemographic & General Food 
(Waste) Related Questions 
Food Waste Knowledge Quiz 
T2: Action-related 
knowledge quiz questions 
plus feedback and action-
related information 
T1: System knowledge quiz 
questions plus feedback and 
system information 
C1: System knowledge quiz 
questions; no feedback and 
no information 
Theory of Planned Behavior Questions 
(Norms, Attitude, Perceived Behavioral 
Control, Intention) 
C2: System and action-
related knowledge quiz 
questions; no feedback and 




























Tables Online Appendix 
Table A1: Socio-Demographic Characteristics of the Sample 





UK C1 C2 T1 T2 
Gender (Male) 49.0 48.9 49.1 49.1 49.0 49.2 49.0 48.8 
Age  
18 – 35 
36 – 45  
46 – 55  


















































Household’s Monthly Net 
IncomeA 
Less than £/€1000 
£/€1001 - £/€2000  
£/€2001 - £/€3000  
£/€3001 - £/€4000  
£/€4001 - £/€5000  
£/€5001 - £/€6000  









































































Higher EducationB 59.6 53.2 69.1 56.4 61.7 55.7 60.8 60.1 
Employment Status 




















































































































N 2,248 748 750 750 561 561 563 563 
AOnly respondents that chose to communicate their income were considered. N = 2,016 
BHigher education refers to a university, vocation, r technical degree. Respondents who ticked the option 





Table A2: Overview of TPB Questions, Scales and Sources 
Construct Items Scale Based on 
Personal 
Norm 
1. I get a bad conscience if I throw away food. 
2. When I throw away food I feel guilty. 
5-point Likert scale 
strongly disagree – strongly agree 
Thøgersen, 2006 
Stefan et al., 2013 
Subjective 
Norm 
1. I believe that most of my acquaintances (e.g. family, 
friends, neighbors) expect that I try to reduce the 
amount of food wasted in my household. 
2. I believe that most of my acquaintances try to reduc  
the amount of food wasted in their households. 
5-point Likert scale 
strongly disagree – strongly agree Thøgersen, 2006 
Attitude 
1. In my opinion reducing food waste is… 
2. In my opinion reducing food waste is… 
7-point Likert scale 
1.  not at all positive – extremely positive 
2. not at all important – extremely 
important Stancu et al., 2016 
PBC 
1. How much control do you have over reducing food 
waste in your household? 
2. How difficult would it be for you to reduce food 
waste at home?A 
3. It is mostly up to me whether I reduce food waste in 
my home. 
5-point Likert scale 
1. very little control – great deal of control 
2. very difficult – very easy 
3. strongly disagree – strongly agree Russell et al., 2017 
Intention 
1. I intend to reduce the amount of food I throw away. 
2. My goal is to reduce the amount of food I throw 
away. 
3. I will try to reduce the amount of food I throw away. 
7-point Likert scale 
strongly disagree – strongly agree Stancu et al., 2016 




Table A3: Overview of quiz questions and correct answers 
Type of 
knowledge 
Question Answers (correct answer in bold) 






Which group of the food supply 
chain causes most food waste and 
loss in Europe? 
a) Food service (i.e. hotels, restaurants, 
catering, canteens, hospitals) 
b) Households 
c) Processing (i.e. manufacturers of food 
products and beverages) 
d) Production (i.e. farmer, fisher, hunter) 
e) Wholesale and retail 
Which types of food are wasted 
the most in European households? 
a) Meat & offal 
b) Fish & seafood 
c) Roots & tubers (e.g. potatoes, sweet 
potatoes, cassava etc.) 
d) Fruits & vegetables 
e) Cereals and cereal products (e.g. bread, 
pastry, pasta, rice, maize, wheat etc.) 
f) Milk & eggs 
g) Oilseeds & pulses, incl. nuts (e.g. 
soybeans, groundnuts (shelled), sunflower 
seeds, olives, other oil crops) 
System The agricultural sector uses a 
certain percentage fresh water for 
the production of food that is later 
on wasted. How much water is 
used this way (compared to how 





When food is wasted, this results 
in CO2 emissions. The annual 
CO2 emissions of household food 
waste in Europe is as big as the 
annual CO2 emissions of… 
a) approx. 1 million cars 
b) approx.4 million cars 
c) approx. 20 million cars 
d) approx. 40 million cars 
What food, when wasted, 






On average, what percentage of 
value (€) of households’ total 
annual shopping basket goes to 









More than 800 million people are 
currently undernourished. With 
all the food that is lost, discarded 
or wasted, we could feed... 
a) One fourth of all undernourished people in 
the world (± 200 million people) 
b) Half of all undernourished people in the 
world (± 400 million people) 
c) Approx. all undernourished people in the 
world (± 800 million people) 
d) More than double the number of 




What is the best place to store 
bananas? 
a) At room temperature, e.g. in a bowl 
b) In an air-tight plastic container 
c) In the fridge 
d) In a cool, dry place, e.g. in the basement 
What is the optimal temperature 
of the fridge to keep food fresh 
for the longest time? 
(open answer) 
What does the “best before” date 
on food packaging mean? 
a) After this date the food might not be at 
its best but is still safe to eat if stored 
according to storage instructions 
b) After this date the food won’t be safe to 
eat. 
c) This date is just for the shop staff, I ignore 
it. 
d) The food can be eaten without hesitation if 
it is consumed no later than 1 week after 
this date. 
What does the “use by” date on 
food packaging mean? 
 
a) After this date the food might not be at its 
best but is still safe to eat if stored 
according to storage instructions 
b) After this date the food won’t be safe to 
eat. 
c) This date is just for the shop staff, I ignore 
it. 
d) The food can be eaten without hesitation if 
it is consumed no later than 1 week after 
this date. 
How can food waste at household 
level be reduced?B 
a) By writing a shopping list 
b) By planning meals 
c) By reusing leftovers 
d) By composting at home 






Table A4: Results of the Confirmatory Factor Analysis 
Construct Item Factor 
loading 
AVE  CR Cronbach’s 
Alpha 
Personal Norm When I throw away food I 
feel guilty. 
.888 
.795 .886 .885 
I get a bad conscience if I 




I believe that most of my 
acquaintances try to reduce 
the amount of food wasted 
in their households. 
.667 
.495 .661 .657 
I believe that most of my 
acquaintances (e.g. family, 
friends, neighbors) expect 
that I try to reduce the 
amount of food wasted in 
my household. 
.738 
Attitude  In my opinion reducing 






In my opinion reducing 
food waste is… (positive) 
.699 
PBC How much control do you 
have over reducing food 
waste in your household? 
.860 
.623 .766 .751 
It is mostly up to me 
whether I reduce food waste 
in my home. 
.711 
Intention  My goal is to reduce the 
amount of food I throw 
away. 
.953 
.919 .971 .971 
I intend to reduce the 
amount of food I throw 
away. 
.958 
I will try to reduce the 
amount of food I throw 
away. 
.965 
AVE = Average Variance Extracted; CR = Composite Reliability 
 
The first model to be tested consisted of five latent variables (personal norm, subjective norm, 
attitude, PBC, and behavioral intention) and 12 manifest variables (i.e., the corresponding 
items measuring the five constructs). Despite a rathe  good model fit, reliability of the second 




and the latent variable PBC was not satisfactory. Due to the low factor loading of the PBC 
item on the PBC construct (standardized factor loading: .468), an insufficient Cronbach’s 
Alpha for the PBC construct (α = .682), and low values for average variance extracted (AVE) 
and composite reliability (CR), this item was excluded from further analysis. After having 
eliminated the item, confirmatory factor analysis was performed again. With the revised 










(N = 748) 
Germany 
(N = 750) 
UK 
(N = 750) 
ANOVA 
(p-value) 
Personal NormA 3.94 3.84a 4.12b 3.85a .000 
Subjective NormA 2.42 2.39a 2.45b 2.41ab .044 
Attitude B 5.98 5.86a 6.17b 5.90a .000 
PBCA 3.72 3.56a 3.87b 3.75c .000 
IntentionB 5.59 5.47a 5.84b 5.45a .000 
abcDifferent letters in one row indicate significant differences between the respective groups. Attitude was 
evaluated by Games-Howell; the remaining constructs were evaluated by Tukey’s HSD post-hoc test. 
AConstructs measured on a 5-point Likert scale 




Table A6: Food Waste Knowledge - Percentage of average correct responses per knowledge 
dimension, ANOVA and post-hoc test for country specific distributions 








General Knowledge (N = 2,248) 33.64 31.60a 36.76b 32.58a .000 
System Knowledge (N = 1,685) 29.64 29.16 30.57 29.18 .354 
Action-related Knowledge (N = 1,124) 50.77 49.20 51.95 51.15 .235 
abDifferent letters in one row indicate significant differences between the respective groups. Evaluated by 








Table A7: Food Waste Knowledge - Percentage of average correct responses per knowledge 
dimension, ANOVA/t-test and post-hoc test for treatment specific distributions 
Questions (% of respondents that 
answered correctly) 
C1 C2 T1 T2 ANOVA/t-
test (p-value) 
General Knowledge (N = 2,248) 33.81ab 30.01a 35.23b 35.52b .001 
System Knowledge (N = 1,685) 29.88ab 31.37a 27.67b n.a. .004 
Action-related Knowledge (N = 1,124) n.a. 55.47a n.a. 46.07b .000 
abDifferent letters in one row indicate significant differences between the respective groups. Evaluated by 
Tukey’s HSD post-hoc test for general and system knowledge. 
 
 
Table A8: Selected Goodness-of-fit Statistics 
Index of Fit Value  
 
Requirement for Good Model Fit 




84.835 (df = 34) 
.000 
0 ≤ χ2 ≤ 2df 





.00 ≤ RMSEA ≤ .05 
.10 < p ≤ 1.00 
χ
2/df 2.495 0 ≤ χ2 / df ≤ 2 
SRMR .0155 .00 ≤ SRMR ≤ .05 
NFI .995 .95 ≤ NFI ≤ 1.00 
TLI .995 .97 ≤ TLI ≤ 1.00 
CFI .997 .97 ≤ CFI ≤ 1.00 
 
 
Table A9: Goodness-of-fit Indices for the Individual Groups 
 χ2 (df) p TLI CFI RMSEA 
C1 40.311 (34) .211 .998 .998 .018 
C2 82.289 (34) .000 .981 .988 .050 
T1 42.958 (34) .139 .997 .998 .022 







Table A10: Goodness-of-fit Indices for Configural and Metric Invariance Models 
 χ2 (df) p TLI CFI RMSEA 
Configural 
Invariance 
241.404 (136) .000 .990 .994 .019 
Metric 
Invariance 





Table A11: Standardized (unstandardized) estimates of all groups and the full sample 
 Full Sample 
N = 2,248 
C1 




N = 563 
T2 
N = 563 
PN  IN .27 
(.42) 











SN  IN .20 
(.43) 
*** .27  
(.57) 







AT  IN .23 
(.31) 
*** .22  
(.33) 


















*** p < .001, ** p < .01, * p < .05; IN = Intention, PN = Personal Norm, SN = Subjective Norm, AT = Attitude, 
PBC = Perceived Behavioral Control 
 
 
Table A12: p-values for group comparison of path coefficients 
 C1 vs. C2 C1 vs. T1 C1 vs. T2 C2 vs. T1 C2 vs. T2 T1 vs. T2 
PN  IN .680 .785 .452 .490 .234 .635 
SN  IN .384 .111 .379 .641 .956 .565 
AT  IN .501 .786 .861 .654 .394 .646 
PBC  IN .668 .034 .395 .108 .668 .280 
IN = Intention, PN = Personal Norm, SN = Subjective Norm, AT = Attitude, PBC = Perceived Behavioral 
Control; critical value of .008 (based on Bonferroni correction) was applied 
Highlights 
• Providing information increases consumers’ intention  reduce food waste 
• Informing consumers about possible actions to reduc food waste is effective 
• Informing consumers about food waste impacts is not effective in changing intention 
 
Declaration of interests 
 
☐ The authors declare that they have no known competing financial interests or personal relationships 
that could have appeared to influence the work reported in this paper. 
 
☒The authors declare the following financial interests/personal relationships which may be considered 






Funding: This work was supported by the European Institute of Innovation and Technology (EIT) through 
KIC Food [Project 18066 “Don’t Be a Food Waster”, 2018]. 
